We study the role of quark-quark correlation in the baryon structure and, in particular, the hyperon nonleptonic weak decay, which is sensitive to the correlation between quarks in the spin-0 channel. We rigorously solve non-relativistic three-body problem for SU(3) ground state baryons to take into account the quark-pair correlation explicitly. With the suitable attraction in the spin-0 channel, resulting static baryon properties as well as the parity conserving weak decay amplitudes agree with the experimental values. Special emphasis is placed also on the effect of the SU(6) spin-flavor symmetry breaking on the baryon structure. Although the SU(6) breaking effects on the local behavior of the quark wave functions are considerable due to the spin-0 attraction, the calculated magnetic moments are almost the same as the naive SU(6) expectations. document Introduction Properties of light baryons have been extensively studied by various models based on the constituent quark picture, in which the constituent quarks are assumed to be identified with quasi-particles of nonperturbative QCD vacuum. Their results for static hadron properties are consistent with experiments including applications for the two nucleon systems, although this model involves several adjustable parameters. Despite the success of this approach, it is not clear whether or not the constituent quark model correctly describes the quark distributions in the baryons, and further provides the non-leptonic weak hyperon decay with ∆I = 1/2 rule.
correlations between quarks together with the confinement force, and calculate the baryon masses and other static properties. In order to deal with the spin-dependent correlation in the correct and systematic way, we must rigorously solve the three-body problem. For this purpose, we adopt the Gaussian expansion method (GEM) for few-body systems, which has been developed by the two of the present authors (E.H. and M.K.) and their collaborators Hiyama03,Kami88,Kame89,Hiyama95,Hiya96,Hiya00 (see Ref. 9 for a review). We assume the isospin symmetry between u and d quarks, and solve the three-body problem without further approximations or assumptions. Our calculations do not rely on the SU(3) flavor symmetry, and hence the strange quark is distinguished from light u, d quarks. To our knowledge, this work is a first attempt to study the non-leptonic hyperon decay and other hadron properties consistently in the framework of the constituent quark model by taking into account the quark-quark correlation.
So far the constituent quark model with the confining force and the perturbative gluon exchange provides reasonable results for masses and radii, but fails in reproducing the hyperon weak decaymodel. After introducing the suitable quark-pair correlation, one does not know a priori whether or not the constituent quark model can explain both standard properties and at the same time non-leptonic weak decay matrix elements. One of the main purposes of this paper is to make this issue clear by solving the non-relativistic three-quark problem explicitly.
We also focus on the SU(6) breaking effects on baryon properties. Introduction of the spin-dependent correlation naturally spoils the SU(6) spin-flavor symmetry which is known to work well for e.g. the baryon magnetic moments. Hence, we shall calculate the magnetic moments to estimate the SU(6) breaking effects. We discuss how the SU(6) breaking affects the baryon properties, and point out that this symmetry is still useful for the static baryon properties, although local behavior of the quark wave function considerably departs from the SU(6) symmetric limit. This paper is organized as follows. In section 2, we introduce the effective weak interaction which includes the renormalization group improved QCD corrections. We show the relevant formulae within the pole approximation, and define a set of matrix elements. In section 3 we construct the non-relativistic potential model which incorporates the confinement force and the quark correlation. Our numerical procedure to solve the three-body problem is described in detail here. In section 4 we calculate the baryon masses, radii, and the non-leptonic weak transition amplitudes. Comparison with experiments will be made there. We also evaluate the magnetic moments of the SU(3) baryons in order to clarify the SU(6) breaking effects in section 5. Final section is devoted to the summary and discussions.
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